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WYOMING. 

Spring hay fever. — May 1 to June 15. 

Principal cause: The grasses, Poacese group, the most common 
being as follows: Colorado bluestem, Agropyron smithii; alkali, 
bunchgrass, Sporobolus airoides; bluegrass, Poa pratensis; timothy, 
PMeum pratense; prairie June grass, Koeleria cristata; squirrel-tail, 
Hordeum jubatum; tall manna grass, Panicularia grandis; fescue 
grass, Festuca elatior; western wild rye, Elymus condensatus, and 
tufted hair grass, Deschampsia cxspitosa. 
Fall hay fever .—August 5 to September 15. 

Principal cause: Prairie ragweed, Iva xanthiifolia — Ambrosiacese 
group; and sagebrush, Artemisia tridentata — Artemisia group. 

Minor cause: Giant and western ragweed, Ambrosia trifida and 
psilostachya — Ambrosiacese group; northern and aromatic worm- 
wood, Artemisia borealis and aromatica, and the prairie sage, Arte- 
misia gnaphalodes — Artemisia group; greasewood, Sarcobatus ver- 
miculatus, and Russian thistle, Salsola pestifer — Chenopodiacese group. 
Hay-fever resorts. — The State board of health reports that there is 

no locality free from hay fever. 



QUANTITATIVE STUDIES IN CHEMOTHERAPY. 

I. THE TRYPANOCIDAL ACTION OF ARSENIC AND ANTIMONY COM- 
POUNDS. 

By Carl Voestlin, Senior Pharmacologist (R), and Homer W. Smith, Assistant Pharmacologist, with 
the cooperation of Marian M. Crane, Assistant Chemist, and Katherine D Wright and Mabel'a. 
Connell, Scientific Assistants, Hygienic Laboratory, United States Public Health Service. 

The methods used for the elaboration of new drugs with specific 
action upon the parasites of infectious diseases are essentially em- 
pirical in nature. They consist in testing hundreds of chemicals in 
the hope of finding an effective drug. It is not surprising that under 
such circumstances progress is retarded principally by an almost 
complete lack of information regarding the fundamental mechanism 
by means of which the drug kills the parasite within the host. The 
present study was undertaken in anticipation of elaborating methods 
which would yield quantitative information as regards the chemo- 
therapeutic value of certain drugs and which would afford an oppor- 
tunity of studying the mechanism involved in the process of sterili- 
zation of an infected animal. For this purpose no new drugs have 
been synthetized or studied, but our attention has been confined to 
a few drugs which are known to possess specific action. We shall 
report in this paper the principal results obtained in a study of certain 
antimony and arsenic compounds which are of importance in the 
treatment of syphilis, relapsing fever, sleeping sickness, and similar 
protozoal diseases. The details of the work will be published in the 
Journal of Pharmacology and Experimental Therapeutics during 1920. 
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Experimental. 

The selection of the disease for this investigation was of consid- 
erable importance. In order to simplify the work as much as possible, 
albino rats infected with Tryj>anosoma equiperdum were chosen for the 
following reasons: First, the disease is essentially an infection of the 
blood and not of the tissues, a fact which renders possible, by means 
of an intravenous injection, the bringing of the drug into immediate 
contact with the parasites ; second, the disease is easily propagated in 
rats and runs a regular course which leads to death within a few days ; 
third, the course of the disease can be accurately followed by counting 
the number of parasites in the blood according to the method of 
Kolmer (1915). A rat showing from 600,000 to 800,000 parasites per 
cubic millimeter of blood is bled without special aseptic precautions 
into 1.5 to 2 c. c. of saline solution containing 1 per cent of sodium 
citrate. This suspension is then injected intraperitoneally into rats, 
using 0.25 to 0.5 c. c. per animaL Twenty-four hours later the rats 
so injected show 50,000 to 100,000 trypanosomes per cubic millimeter 
of blood, and die as a rule within three days. 

Toxicity. — As a prerequisite for the chemotherapeutic study of the 
compounds, it was essential to determine first their toxicity. This 
was established on albino rats weighing from 80 to 150 gms. An 
aqueous solution of the drug was injected into the saphenous vein. 
The minimal dose at which the majority of a series of animals died 
was considered the minimal lethal dose (M. L. D.). The next lower 
dose at which the majority of the animals survived will be referred 
to as the maximum tolerated dose (M. T. D.). 

The dosage is always expressed on an arsenic or antimony equiv- 
alent basis. The data referring to the toxicity of these compounds 
are given in Tablo I. 

Table I. — Minimum lethal dose and minimum effective dose of preparations expressed 
in cubic centimeters of a 1/100 antimony or arsenic equivalent solution periilo body- 
weight. 
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Trypanocidal action. — For the determination of the minimum 
effective dose it is essential to make trypanosome counts on the blood 
of the infected animals before the drug is injected, in order to secure 
animals of the desired degree of infection. It will be shown later that 
there exists a definite relation between the degree of the infection (the 
absolute number of parasites present) and the amount of the drug 
necessary to kill all of the parasites. On account of the practical 
difficulties of obtaining a large number of rats with exactly the same 
degree of infection, we have allowed ourselves a certain margin in 
choosing animals showing 100,000 to 300,000 trypanosomes per cubic 
millimeter. 

The time of disappearance of the parasites from the blood stream 
after the intravenous injection of the drug varies with the type of 
drug studied. No standard interval for blood examinations can be 
established for work of this kind. In order to keep the results uni- 
form we have made at least two counts on the day of the injection 
and the last count at the end of 24 hours. In this time the slowest- 
acting drug so far studied by us will have reduced the number of 
parasites to a minimum, so that inspection of the blood of the 
animals will show which doses have proved effective. 

Discussion. 

This investigation represents the first detailed study of the phe- 
nomena of sterilization in vivo and for that reason is especially inter- 
esting. The difficulties encountered in most biological work of 
securing sharply defined end points are in evidence in this problem. 
Individual variations attributable to the host, such as differences in 
blood volume, variations in the rate of excretion and ability to 
transform the injected compound, as well as errors attributable to 
the technique, may account for a large part of the variations in the 
results. Taken as a whole, however, the results are surprisingly 
consistent, and this method of testing the trypanocidal value of 
drugs has proved throughly reliable. 

A comparison of our results with those obtained by various observ- 
ers through in vitro experiments shows a striking similarity. The 
principal difficulties encountered in in vitro work with bacteria, red 
blood cells, are diminished here to a minimum. The uniformity of 
the individual curves shows that the experimental error is slight, 
and considering the rapidity of the process, the frequency with which 
counts may be made is of considerable advantage. Once the blood 
is withdrawn from the rat and diluted, the destruction of the try- 
panosomes is checked, and, unlike hemolytic experiments, the counts 
may be made in a more leisurely fashion. 

The process of death with trypanosomes in vivo is as regular as 
similar processes in vitro involving bacteria or red blood cells. This 
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process appears to proceed in each case according to some law which 
obtains in the mechanism of the reaction, drug v. parasite. 

The most significant feature brought out by the experiments with 
subeffective doses is the sharply defined threshold concentration, 
which must be maintained in order to kill all of the parasites. This 
threshold is dependent to some extent upon the number of parasites 
present. It is necessary that a certain concentration of the drug be 
maintained in the blood stream throughout the time required for 
the process to reach completion, i. e., until all of the parasites are 
dead. If absorption by the tissues of the host has lowered the 
amount of drug in the blood stream below this concentration before 
this time, the dose will be subeffective. Thus various subeffective 
doses of antimonyllactate cease to act not when a certain number of 
parasites have been killed, but after a certain period of time has 
elapsed, during which time absorption by the tissues of the host has 
lowered the concentration of the drug in the blood below the minimum 
effective threshold. Therefore, the effectiveness of a compound will 
depend to a considerable extent upon the rapidity with which it is 
withdrawn from the blood stream, provided that we are dealing with 
a blood infection and a curative agent which acts directly upon the 
parasites. 

From a study of Table I it will be seen that the trivalent arsenic 
and antimony compounds are much more toxic than the pentavalent 
arsenicals for both the host (rats) and the parasites. The penta- 
valent antimony derivative studied was devoid of any action on the 
trypanosomes and also possessed a very low toxicity for the raY. 
This difference in toxicity of the two groups is furthermore em- 
phasized by the time which is required for the appearance of 
toxic symptoms following the intravenous injection of these drugs. 
In the case of the compounds containing arsenic (or antimony), 
in the R.As = form, symptoms appear within a few minutes 
after the injection, whereas with the arseno (R.As = As.R) and 

/ /OHX 
pentavalent I R.As^=0 J compounds a much longer time is re- 
quired for any signs of intoxication to manifest themselves. As the 
work of previous investigators has shown that arsenic is reduced in 
the body, it is reasonable to explain the latent period in the case of 
the pentavalent compounds by assuming that this time is required 
for the reduction of a sufficient amount of the drug to the trivalent 
form to constitute a toxic threshold. This explanation is further- 
more strengthened by certain observations of the trypanocidal 
action of pentavalent arsenicals about to be discussed. 

A most important point which has been brought out by this work 
is the great difference in the rate of chemotherapeutic action of the 
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various drugs studied. If the minimal effective dose of a drug 
belonging to the "arsenoxide" (R.As = 0) group is injected, it is 
found that the number of trypanosomes at once decreases until all 
of the parasites have been killed: this may require from 10 to 60 
minutes, depending on the degree of the infection. The rate of dis- 
appearance of the parasites is fairly regular throughout the process, 
as will be seen from an examination of Charts I and II. The imme- 
diate onset of the reaction and the great regularity by which it pro- 
ceeds, show that the compounds of the arsenoxide type act directly 
on the parasites. It will also be seen that the injection of twice or 
even several times a minimal effective dose of the arsenobenzol 
derivatives and the pentavalent arsenicals does not produce a material 
change in the trypanosome count for a considerable period of time, 
i. e.. one to six hours. Though a small fraction of the parasites -may 
be killed in the first hour, the drug exerts its main action at a remote 
period of time. The process-curve, once started down, continues 
very rapidly until all the parasites are gone. The preliminary 
period during which the trypanosome count is not materially changed, 
may be considered as a latent period, and its explanation is of the 
utmost importance from both a theoretical and a practical view- 
point. We believe that the latent period observed with the arseno- 
benzol derivatives and the pentavalent arsenicals is due to the fact 
that these compounds do not possess any trypanocidal properties 
per se, but must be converted into active substances before they can 
injure the parasites. The change which is required in the case, of 
the arsenobenzol derivatives very probably consists in an oxidation 
to the corresponding "oxide": 

R.As = As.R > R.As = 0. 

This conception is strengthened by the following facts. Ehrlich 
(1913) has shown that the toxicity of a slightly alkaline aqueous 
solution of arsphenamine or an aqueous solution of neoarsphenamine 
increases rapidly when kept in contact with air. This increase in 
toxicity he attributes to the oxidation of the drug to p-oxy-m-amino- 
phcnylarsenoxide, which, according to our toxicity experiments is 
seven times as toxic for the rat as arsphenamine, and exerts a direct 
action on the parasites, as evidenced by the absence of a latent 
period. We have, furthermore, found that an aqueous solution of 
the sodium salt of arsphenamine which has been incubated for 
approximately three hours at 37° C. exerts a much greater try- 
panocidal action than solutions which are freshly prepared. Such a 
solution shows no latent period, but the trypanocidal action is 
immediate, as is that of arsenoxide. (See Chart II.) 

A further proof of the assumption that the arsenoxide is the 
active trypanocidal agent generated from arsphenamine is to be 
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found in the results obtained in test-tube experiments, where 
trypanosomes or spirochetes are brought in contact with arsphena- 
mine or neoarsphenamine. According to Hata (1910), arsphenamine 
does not kill the spirochetes of relapsing fever in the test tub8 even 
in very high concentration. Plaut (1910) and Truffi and Sabbia 
(1911) found that the Spirochete!, pallida is not killed by high concen- 
trations of arsphenamine. This evident discrepancy between the 
action of arsphenamine in vitro and in vivo has given rise to much 
confusion in regard to the explanation of the therapeutic . action of 
this drug. It has been assumed by some writers that arsphenamine 
stimulates the production of immune bodies which favorably influence 
the disease. This explanation of the action of the drug is obviously 
erroneous, as it is impossible to conceive how enough antibodies to 
have any effect could be produced in the short time which is required 
to kill the parasites in the infected animal. 

After having seen the manner in which the oxides (R.As = O) act 
upon the parasites both in vitro and in vivo, and after considering 
the nontoxicity in vitro and the marked latent period' in vivo of 
arsphenamine (R.As:As.R) and neoarsphenamine (R.As:As.R), one is 
forced to the conclusion that the last two compounds are not of 
themselves trypanocidal. We know that the oxidation of arsphena- 
mine and neoarsphenamine takes place even on contact with the air, 
and when we recall that the first logical step in this oxidation would 
be the breaking down of the arseno grouping to the oxide grouping, 
it is selfevident that it must be these oxides which are responsible 
for the trypanocidal activity of these compounds. 

We encounter a similar situation with the pentavalent arsenicals. 
Friedberger and Joachimaglu (1917) have shown that pentavalent 
arsenic and pentavalent antimony are nontoxic for bacteria, yeast, 
and protozoa. Many observers have pointed to the inertia of these 
compounds, particularly the arsenicals, for trypanosomes, spiro- 
chetes, and spirilla in vitro. Ehrlich and his collaborators have 
shown that reduction products of atoxyl exhibit a powerful trypano- 
cidal action in vitro, whereas atoxyl does not. On the basis of this 
observation Ehrlich advanced the idea that the pentavalent arseni- 
cals must be reduced by the animal body in order to exert their 
action on the parasites.- Terry (1915) observed that if atoxyl is incu- 
bated with whole blood it becomes trypanocidally active. Reduc- 
tion would obviously lead to the same As:0 grouping as is formed 
on the oxidation of the arsenic grouping. But the arseno grouping 
is known to be readily oxidized, and oxidative processes are known 
to be the predominant type in the body; reduction, on the other 
hand, would probably be less easily effected. We would therefore 
expect a much longer latent period with the pentavalent type than 
with the arseno type. This is actually the case if we consider equiva- 
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lent closes on a reactive basis. It has been impractical to show the 
true relationship graphically in Chart I, where we have given an 
experiment with pentavalent arsenic much above the minimum 
effective dose. At the minimum effective, dose 12 to 18 hours elapse 
before the trypanosome count is materially reduced. With arsphe- 
namine this latent period is from one to three hours, and with arsen- 
oxide there is no latent period. 

While both oxidation and reduction are going on, a certain amount 
of the compound is of course being excreted or fixed in the tissues. 
It is therefore not surprising that the minimum effective dose of 
these compounds, which must be changed before they can exert any 
trypanocidal action, should be higher than the minimum effective 
dose of those compounds which act immediately. 

The therapeutic value of any compound, from a clinical point of 
view, is to a large extent expressed by the ratio, toxic dose to cura- 
tive dose. It is conceivable that a pentavalent arsenical might be 
elaborated that would show a greater ratio than any of those studied 
here. But in considering the actual killing dose for the host, we 
must not lose sight of the secondary dangers incident to the giving 
of such large quantities of arsenic. The most favorable ratio shown 
in this work is that of arsphenamine (37 to 1), and next, neoarsphe- 
namine (33 to 1). 

We do not believe that the study of the trypanocidal activity of 
any compound by this method will give an absolutely accurate index 
of its clinical value, but we do believe that a quantitative comparison 
of its experimental value in vivo can thus be made with other com- 
pounds. It is significant, however, that the results so obtained 
check in the order and degree of efficiency with the curative dose 
for spirochete infections as determined by Ehrlich and Hata (1910), 1 
and as accepted from practical trial. 

From the work done with antimonyllactate, it is evident that the 
rate of disappearance of a compound from the bloodstream is impor- 
tant, as well as the actual or potential trypanocidal activity. We 
have found that antimonyllactate was quickly withdrawn from the 
bloodstream, and that the minimum effective dose was in reality a 
dose large enough to maintain an effective threshold concentration in 
the blood for a time sufficient to kill all of the parasites. If we could 
block this removal, we would undoubtedly lower the minimum 
effective dose to a groat extent. We found also that "arsenoxide " is 
not withdrawn as rapidly, the second. half of the minimum effective 
dose sufficing to supplement the first half one hour or more after the 

'In syphilitic rabbits the curative dose for arsenophenyl glycine, arsphenamine, and arsenoxide was 
0.15 gm., 0.005-0.015 gm., and 0.003 gm. per kilo body weight. 

For chicken spirillosis the curative dose was as follows: Atoxyl 0.03 gm., arsacetin 0.03 gm., arseno- 
phenylglycine 0.12 gm., arsphenamine 0.0035 gm., arsenoxide 0.0015 gm. (arsenophenylglycine falls out 
of order). 

Similar figures are given for the curative dose of relapsing fever in mice. 
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first half had been given. By injecting half of the minimum effective 
dose of arsenoxide, and half of the minimum effective dose of anti- 
monyllactate, neither half by itself sufficing to effect any change in the 
trypanosome count, the two together prove to be effective. From 
this we reason that arsenic arid antimony are trypanocidal^ comple- 
mentary, an assumption which does not agree with Ehrlich's theory 
of the "chemo-receptor specificity." The aspect of the entire prob- 
lem, in fact, turns the attention from this conception, and points the 
way to a reaction between the ultimate active form arising from all 
arsenicals, the arsenoxide form, and the stability of the trypanosome 
molecular-aggregate — a reaction which, when ultimately explained, 
will probably prove extremely simple. 

Summary. 

1. A method for the rapid and accurate determination of the 
trypanocidal power of drugs (minimum effective dose) is recom- 
mended. 

2. A sharply denned threshold (minimum effective dose) is observed, 
below which the drug has no appreciable effect upon the parasites. 
This threshold is in part due to the nature of the reaction between 
the drug and the parasites, and in part to absorption of the drug by 
the tissues of the host. 

3. Differences in the toxicity and parasiticidal activity of various 
arsenic and antimony preparations have been explained on the 
hypothesis that they must be changed to one type, namely, the 
oxides 

R.As:OorK.Sb:0 

before exerting their principal toxic action. Arsphenamine and 
neoarsphenamine have to be oxidized in the body before they can act 
upon the parasites. 

FURTHER NOTE ON OUTBREAK OF TYPHOID FEVER AT 
HOPEWELL, VA. 1 

By J. P. Leake, Passed Assistant Surgeon, United States Public Health Service, Richard Messer, 
Sanitary Engineer, and Aubrey Straus> Bacteriologist, Virginia State Department ■of Health. 

In the Public Health Reports of September 17 there was published 
a notice of an outbreak of typhoid fever among persons who partici- 
pated in a dinner at Hopewell, Va. There have been no further 
fatalities and no new cases have developed except in two children 
who did not attend the banquet. An older sister of these two chil- 
dren did attend and had typhoid fever early in the outbreak, and her 
younger brother and sister took the disease about a month later, 
presumably from direct or indirect contact with their sister. 

'See Public Health Reports, Sept. 17, 1920, pp. 2197-2199. 
7245°— 20 3 



